Objective: The aim of this study was to investigate the susceptibility of the palmar cutaneous branch of median nerve (PCBm) in carpal tunnel syndrome (CTS). Material and Methods: Electrophysiological assesment of the PCBm sensory conduction study in electrodiagnostically defined carpal tunnel syndrome extremities. Results: We examined 83 hands with electrodiagnostically defined CTS and 33 control extremities. While none of the extremities without carpal tunnel syndrome shows pathological PCBm sensory conduction study, 62.7% (52) of the extremities with carpal tunnel syndrome showed pathologic conduction and there was statistically significant difference between the groups (p<0.05). PCBm sensory nerve action potential (SNAP) was obtained in all of the extremities with mild carpal tunnel syndrome. The SNAP could not be obtained in 20% (5/25) extremities with moderate carpal tunnel syndrome and in extremities with 46.1% (6/13) severe carpal tunnel syndrome. On evaluation according to the severity of carpal tunnel syndrome; 37.2% (16/43) of the cases with mild carpal tunnel syndrome showed electrophysiological pathology in PCBm sensory conduction study, and it was detected in 92.6% (27/25) of the cases with moderate carpal tunnel syndrome, and 84.6% (11/13) of the cases with severe carpal tunnel syndrome Conclusion: PCBm is frequently effected in patientes with CTS and suggest that this nerve not ideal as a comparator nerve for the electrophysiological diagnosis of CTS.
Introduction
Carpal tunnel syndrome (CTS) is the most common peripheral mononeuropathy with a development risk rate of 10% during the whole life (1) . It is a frequently seen syndrome characterized by pain, numbness, and a tingling sensation in the hands due to the compression of the median nerve in the wrist (2) . In CTS, typical sensory distribution is restricted to the volar aspect of the palm, the first 3 fingers, and the lateral region of the 4 th finger. The protection of the thenar area innervated by the palmar cutaneous branch of the median nerve (PCBm) that branches before entering the carpal tunnel is important in clinical and electrophysiological evaluations (3).
The palmar cutaneous branch of the median nerve branches off before the median nerve enters the carpal tunnel, and it provides sensory innervations of the thenar region; therefore, it is not affected by CTS (4) . Owing to this feature, studies comparing PCBm with the main median nerve are recommended for the diagnosis of CTS and for revealing the presence of CTS against the background of polyneurotherapy (5, 6) . However, reports of PCBm entrapments or susceptibility with CTS prevented this nerve from being included among routine examinations in comparative studies (7) (8) (9) .
In this study, it is aimed to find whether PCBm sensory nerve action potentials are affected in CTS patients.
Material and Methods
In this study, 116 extremities of 58 patients who applied to the electrophysiology laboratory of Ankara Physical Medicine and Rehabilitation Training and Research Hospital with the prediagnosis of CTS between April 2011 and December 2011 and who had CTS, electrophysiologically detected, in at least one extremity in accordance with the criteria of the study were considered. Ethics committee approval from the hospital and written informed consent from patients were obtained for the study.
While patients with complaints of numbness and tingling in the hands and sensorial complaints at night and in the morning were included in the study, those with a history of suspected polyneuropathy, neck pain, and radiculopathy and whose neurological examination revealed pathological finding were excluded. Patients who had polyneuropathy and radiculopathy findings in their electrophysiological examination were also excluded from the study.
Electrophysiological evaluations were performed by the same researcher using Dantec Keypoint 4c (The Dantec Keypoint 4c EMG/NCS/EP, Skovlunde, Denmark) electromyography device. The hands of the patients were heated, and the temperature was kept stable between 30°C and 32°C. Sural nerve sensory conduction and tibial and peroneal nerve motor conduction studies at least in one lower extremity and median and ulnar nerve motor and sensory conduction studies and palmar cutaneous nerve sensory conduction studies in both upper extremities were performed in all patients. In motor conduction studies, motor distal latency (MDL) and compound muscle action potential (CMAP) values were recorded for the median and ulnar nerves by stimulating at the level of the wrist and antecubital region in the abductor pollicis brevis (APB) and abductor digiti minimi (ADM) muscles in the upper extremity. In the lower extremity, tibial nerve MDL and CMAP values obtained from the abductor hallucis muscle by stimulating at the level of the wrist and popliteal region and peroneal nerve MDL and CMAP obtained from the extensor digitorum brevis (EDB) muscle by stimulating at the level of the wrist and the head of the fibula were recorded. A sural nerve sensory conduction study was recorded to be antidromic by stimulating 14-15 cm proximal to the back of the lateral malleolus. Antidromic sensory conduction velocities and response amplitudes for the median nerve in the 1 st finger and for the ulnar nerve in the 5 th finger were recorded. Antidromic sensory conduction velocities for the median and ulnar nerves in the 4 th finger were recorded, and the interpeak latency difference was calculated. The sensory conduction study of the palmar cutaneous nerve was conducted using the antidromic technique defined by Chang and Lien (5) in 1991. In this technique, recording was performed in the middle point of the thenar muscles via a superficial electrode, and a stimulus was applied from 10 cm proximal and from the middle of the fore arm.
In motor and sensory conduction studies, standard device parameters were used. For motor conduction studies, the parameters were as follows: the severity of stimulus: 1-100 mA, the duration of stimulus: 0.1 ms, low frequency filter: 3 Hz, high frequency filter: 10 kHz, sensitivity: 2 µV, and sweep rate: 20 ms (2 ms/div). The parameters for the sensory conduction study were as follows: the severity of stimulus: 1-100 mA, the duration of stimulus: 0.1 ms, low frequency filter: 20 Hz, high frequency filter: 2 kHz, sensitivity: 20 µV, and sweep rate: 10 ms (1 ms/div).
Patients diagnosed with CTS were classified into the following three groups: mild (decreased sensory conduction velocity and normal MDL), moderate (decreased sensory conduction velocity and prolonged MDL), and severe (no sensory response and prolonged MDL). Median nerve MDL (obtained with stimulation in the midline and 5-cm away from the active recording electrode in the APB muscle) longer than 4 ms, which is the upper limit of our laboratory's reference values, median nerve motor conduction velocity lower than 50 m/s, which is the lower limit of our laboratory's reference values, median and ulnar nerve sensory response amplitude lower than 15 mV, which is the upper limit of our laboratory's reference values, and median and ulnar nerve antidromic sensory conduction velocities lower than 40 m/s, which is the lower limit of our laboratory's reference values, were accepted to be pathological. In the sensory conduction study of the palmar cutaneous nerve, lower limits for negative peak latency and conduction velocity were accepted to be 2.69 ms and 35 m/s, respectively (5) .
Statistical Analysis
For analyzing the data, SPSS 20.0 (Statistical Package for the Social Sciences Inc., Chicago, IL, USA) statistical software was used. Data were presented in percentage, mean±standard deviation, and median (25-75 th percentile) in the study. Categorical variables were assessed using the Chi-square test. The compliance of numerical variables with normal distribution was controlled with Kolmogorov-Smirnov test. For evaluating the differences between the groups, Kruskal-Wallis one-way ANOVA and Dunn's multiple comparison tests were employed. Moreover, p<0.05 was accepted to be adequate for the rejection of the null hypothesis.
Results
The study included 83 extremities electrophysiologically diagnosed with CTS and 33 extremities electrophysiologically normal (totally 116 extremities from 40 male and 18 female patients). The mean age of female patients was 51.95±10.73 years and that of male patients was 54.28±6.71 years. There was no statistically significant difference between them (p>0.05).
In the evaluation of extremities with CTS (83 extremities) according to the severity of CTS, 43 extremities (37.1%) were mild, 27 (23.3%) were moderate, and 13 (11.2%) were severe. In all 116 extremities, the sensory conduction study of the me-dian palmar cutaneous branch was performed. While pathology was found in 52 extremities (44.8%) (prolonged sensory response latency, slower sensory conduction velocity, non-obtained sensory nerve action potential, etc.), no pathology was observed in 64 patients (55.2%). The mean values of the motor and sensory conduction studies of the median nerve and sensory conduction study of the median palmar cutaneous nerve are presented in Table 1 .
While no pathology related to the sensory conduction study of the median palmar cutaneous nerve was found in the extremities without CTS, pathology was seen in 52 of the extremities with CTS (62.7%). This result was statistically significant (p<0.05).
In all extremities with mild CTS, the sensory action potential of the median palmar cutaneous nerve was obtained. However, the sensory action potential of the median palmar cutaneous nerve could not be obtained in 18.5% (5/27) of the extremities with moderate CTS and in 46.1% (6/13) of the extremities with severe CTS.
In the evaluation with regard to the severity of CTS, while PCBm pathology was detected in 37.2% of extremities with mild CTS (16/43), PCBm pathology was observed in 92.6% of the extremities with moderate CTS (25/27) and 84.6% of the extremities with severe CTS (11/13) . Accordingly, when the ex-tremities with mild and moderate CTS and those with mild and severe CTS were evaluated with regard to a pathology of the sensory conduction study of the palmar cutaneous nerve, the relationship between them was found to be statistically significant (p<0.05). However, the difference between the extremities with moderate and severe CTS was statistically insignificant (p>0.05).
In the evaluation of the amplitudes and latencies of sensory nerve action potentials and PCBm sensory conduction velocities according to the severity of CTS, while minimal correlation was found between CTS severity and PCBm conduction velocity (correlation coefficient of 0.188 and significance of 0.54), a high correlation with PCBm latency and amplitude was observed (correlation coefficient of 0.306 and 0.318, respectively, and significance of 0.002 and 0.001, respectively). Moreover, while the relationship between the extremities with normal and mild CTS and those with moderate and severe CTS was significant (p<0.05), the difference between the extremities with normal and mild CTS and those with moderate and severe CTS was statistically insignificant (p>0.05) ( Table 2 ).
Discussion
The median palmar cutaneous nerve is a small branch of the median nerve that provides sensory innervations of the thenar region (4). Anatomically, PCBm originates from approximately 5.5 cm proximal to the radial styloid in the radial side of the median nerve (5) . PCBm passes through its own 9-16 mm long tunnel in the medial of the flexor carpi radialis tendon by intercrossing the transverse carpal ligament (5) . Because it does not pass through the carpal tunnel, it is not affected by CTS. CTS is the entrapment of the median nerve at the level of the carpal tunnel, and it is a classic example of chronic compression neuropathies. Nerve conduction studies, which were conducted for diagnosis in addition to clinical findings, constitute the golden standard (10, 11) . The appropriate demonstration of abnormal isolated transcarpal median nerve conduction is the most ideal nerve conduction study (8) . Therefore, comparative studies on nerves with the least possibility of susceptibility in the presence of CTS are of vital importance (12) . PCBm, which provides the innervations of the thenar region and does not pass through the carpal tunnel, has been recommended as the comparative nerve in CTS for this aim (5) . However, the synchronous detection of PCBm abnormalities with CTS has decreased the reliability of this nerve in comparative tests. Chang and Lien (5) were the first to report that some data conflicted with each other in the PCBm nerve conduction study in CTS and normal patients. Rathakrishnan et al. (7) also reported PCBm abnormalities in 46% of CTS patients. Although, the significant age difference between the groups in their study explained the slowing in PCBm sensory conduction velocities in the presence of CTS, similar results were also obtained in age-matched analysis. Wada et al. (9) reported a PCBm entrapment in a case with CTS after a surgical examination. On the other hand, in the study by Imai et al. (8) , an abnormality in PCBm conduction study was observed in 3 of 8 CTS patients. In our study, there was no difference between age groups, and abnormalities in the PCBm conduction study were found in 62.7% of the patients with CTS.
In studies on PCBm in literature, the evaluation of CTS patients according to severity was not performed. On the other hand, in our study, the relationship between the severity of CTS and PCBm conduction studies was investigated. When the CTS patients were classified according to their severity, an electrophysiological abnormality was detected in 84.6% of patients with severe CTS, but no PCBm sensory action potential was obtained in 46.1% (6/13) . While an electrophysiological abnormality was detected in 92.6% of the patients with moderate CTS, PCBm sensory action potential was not found in 18.5% (5/27) . In all patients with mild CTS, PCBm sensory action potential was obtained, and an electrophysiological abnormality was observed in 37.2%. The PCBm sensory conduction study within normal intervals in all patients without CTS showed that PCBm can be affected in CTS patients according to the severity.
In the surgical examination of patients with a PCBm abnormality in the study by Imai et al. (8) , an entrapment from the radial side of the palmaris longus tendon and facial band and an entrapment coursing too close and parallel to the main branch of the median nerve in 1 patient were reported. While no spaceoccupying lesion was observed in any patient in this study, a ganglion compressing on PCBm was reported in two previous studies (13, 14) .
It is not exactly known whether the entrapments of PCBm and the main branch of the median nerve are independent of each other, whether they are together, or why they coexist. However, there are some theories that have been suggested. According to anatomical studies, PCBm passes the wrist through its own channel that is 9-16 cm in length, which makes the nerve susceptible to be entrapped in that region (8) . The second reason is the thought that the entrapment is related to increased stretching at the exit point from the wrist due to decreased mobility and decreased shift features of the main branch of the median nerve in CTS (7) . The third reason is that it may result from proximal degeneration caused by retrograde degeneration, which can be thought to be due to the high frequency of susceptibility, especially in patients with moderate and severe CTS. However, further studies are needed for the confirmation of this theory.
In our study, the finding of an intense abnormality in PCBm might have resulted from using the reference values of Chang and Lien (5) instead of our reference values and from obtaining results of conduction velocities at wider intervals due to studying the technique in a short segment.
Conclusion
PCBm susceptibility can be seen in all CTS cases, but it is more intense in patients with moderate and severe CTS. The susceptibility of PCBm even in mild cases makes the use of this test as a comparative test in CTS more difficult.
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